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THERMAL ASPERITY COMPENSATION IN PERPENDICULAR 
RECORDING SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is a continuation-in-part of U.S. Patent 
Application No. 10/612,400 filed on July 2, 2003, which is a continuation of U.S. 
Patent Application No. 09/850,039 filed on May 7, 2001 . This application also 
claims the benefit of U.S. Provisional Application No. 60/487,693, filed on June 
16, 2003. The disclosures of the above applications are hereby incorporated by 
reference in their entirety. 

FIELD OF THE INVENTION 
[0002] The present invention relates to data storage systems, and 
more particularly to data detection in perpendicular recording systems that are 
subjected to transient thermal asperity events. 

BACKGROUND OF THE INVENTION 

[0003] The magnetic storage industry has been increasing the storage 
capacity of hard drives through technological advancements such as perpendicular 
recording systems and magneto-resistive (MR) heads. The MR head includes an 
MR element that is made of a material that changes electrical resistance in 
response to the strength of a surrounding magnetic field. 

[0004] The MR head normally glides over the spinning magnetic disk. 
When the MR head hits a protruding object on the disk surface, the MR element 
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heats up rapidly and the heat decays relatively slowly. The effect of this transient 
phenomenon is a change in the baseline of the read-back signal that is output by 
the MR head, as illustrated in FIG. 1. This baseline change contains a substantial 
low-frequency component, which causes loss of read-back data. The severity of 
the loss depends on the robustness of the data detection system and the rate at 
which TA events occur. 

[0005] Perpendicular recording systems provide higher data storage 
densities than conventional recording systems. However, perpendicular recording 
systems are typically subject to an increased rate of TA events due to the relatively 
close proximity of the recording head and the magnetic media. In addition, the 
heating of the recording head from the TA event is higher than the heating that is 
experienced in longitudinal recording systems due to the closer relative distance 
between the recording head and the media. The increased heating translates into 
a transient of increased duration and amplitude in the output signal of the recording 
head. 

[0006] Therefore, the recording head signal of perpendicular recording 
systems typically includes both an increased rate of TA events and TA events 
having a longer duration. With the increased likelihood of errors, it is possible that 
the error correcting code (ECC) that is used in the recording system may not be 
able to regenerate the user data. 

[0007] In perpendicular magnetic recording, a detector that utilizes a 
non DC-free equalization target can be used. Non-DC-free detectors are 
sensitive to DC-offset (baseline offset). A baseline correction circuit is often used 
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to minimize the DC-offset. There are different sources of DC offset in a 
perpendicular magnetic recording system. For example, AC coupling of the pre- 
amplifier to the MR head may impact DC offset. The read channel front end 
may act as a high pass filter and cause data dependent baseline wander. Other 
sources are DC-offsets that are produced by analog circuits. TA, as mentioned 
above, is a low-frequency transient, which can be viewed as a DC-distortion. 

[0008] The baseline correction circuit may generate the baseline 
correction signal based on bit detector outputs. When the bit detector outputs 
are unreliable due to TA events, signals output by the baseline correction circuit 
will also be unreliable. Since TA is a transient behavior, errors at the detector 
output are usually limited and can be handled by an error correcting code (ECC) 
present in most magnetic recording systems. For longer TA events, however, the 
error correcting capability of the ECC is typically insufficient. Furthermore, if the 
TA event is not very long, but the correct baseline can not be recovered, the 
increased error rate at the detector output may continue after the TA event is 
over. The error correcting capability of the ECC may be insufficient. 

SUMMARY OF THE INVENTION 
[0009] A data detection circuit according to the present invention 
includes a transient detector that senses transient events in data. A first data 
detector path applies a first equalization target to generate a first bit stream from 
the data. A second data detector path applies a second equalization target to 
generate a second bit stream from the data. A baseline correction circuit 
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generates a baseline correction signal using the first bit stream when the 
transient detector does not sense the transient events and the second bit stream 
when the transient detector senses the transient events. 

[0010] In other features, the transient events are thermal asperity 
events. The first equalization target is a non-DC free equalization target and the 
second equalization target is a DC-free equalization target. The first data 
detector path includes a first finite impulse response (FIR) equalizer that receives 
the data and a first data detector that receives an output of the first FIR equalizer. 

[0011] In still other features, the second data detector path includes a 
second finite impulse response (FIR) equalizer and a second data detector that 
receives an output of the second FIR equalizer. The first and second data 
detectors include at least one of a decision feedback equalizer, a peak detector, 
a threshold detector, a partial response maximum likehood detector and a 
maximum aposteriori detector. 

[0012] In still other features, a summer has a first input that 
communicates with an output of the first FIR equalizer. An output of the summer 
communicates with the first data detector and the baseline correction circuit. The 
baseline correction circuit outputs the baseline correction signal to a second input 
of the summer. 

[001 3] In yet other features, the second data detector path includes the 
first finite impulse response (FIR) filter and further comprises a second filter that 
has an equalization target with a (1-D) factor and that communicates with an 
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output of the first FIR filter. A second data detector communicates with an output 
of the second filter. 

[0014] In other features, a first finite impulse response (FIR) equalizer 
includes a second filter that has an equalization target with a (1-D) factor and that 
communicates with an output of the first FIR equalizer. A first data detector 
selects one of the output of the first FIR equalizer and the output of the second 
filter. The first data detector path includes the first FIR equalizer and the first 
data detector. The second data detector path includes the first FIR filter, the 
second filter and the first data detector. 

[0015] In other features, a system comprises the data detection circuit 
and further comprises a perpendicular recording system including a read signal 
preamplifier. A front end receives a read signal from the read signal preamplifier 
and communicates with the thermal asperity detector. A sampler communicates 
with the front end. 

[0016] In yet other features, the baseline correction circuit includes a 
delay element that selectively receives an output of the first FIR equalizer. A 
reconstruction filter selectively receives one of the first and second bit streams 
from the first and second data detector paths, respectively. A summer has a first 
input that receives an output of the delay element and a second input that 
receives an output of the reconstruction filter. An accumulator receives an output 
of the first summer and generates the baseline correction signal. 

[0017] In still other features, a system comprises the data detection 
circuit and further comprises a magnetic medium having sectors. The baseline 
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correction circuit uses the second bit stream until the sector ends when the 
transient detector senses the transient events during the sector. 

[0018] A perpendicular recording system according to the present 
invention includes a perpendicular recording head that generates a read data 
signal from sectors of a magnetic medium. The read data signal includes at least 
one of data and transients. A transient detector generates a transient detect 
signal when the transients are detected in the read data signal. A detection 
circuit detects data in the read data signal, generates a first detected data signal 
when the transient detect signal is not generated, and filters the read data signal 
and generates a second detected data signal when the transient detect signal is 
generated. When transients are detected during a sector, the detection circuit 
continues using the second detected data signal until the sector ends. 

[0019] Further areas of applicability of the present invention will 
become apparent from the detailed description provided hereinafter. It should be 
understood that the detailed description and specific examples, while indicating 
the preferred embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] The present invention will become more fully understood from 
the detailed description and the accompanying drawings, wherein: 
[0021] FIG. 1 illustrates a thermal asperity event; 
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[0022] FIG. 2 is a functional block diagram of a data detection circuit 
with thermal asperity compensation in accordance with the teachings of the 
present invention; 

[0023] FIG. 3 illustrates a set of waveforms corresponding to the 
presently preferred embodiment of the thermal asperity compensation system; 

[0024] FIG. 4 is a functional block diagram of the data detection circuit 
with thermal asperity compensation in accordance with the teachings of the 
present invention; 

[0025] FIG. 5 is a functional block diagram of an alternative 
embodiment of a data detection circuit with thermal asperity compensation in 
accordance with the teachings of the present invention; 

[0026] FIG. 6 is a functional block diagram of a data detection circuit 
with thermal asperity (TA) compensation, a DC-free data detector and a non-DC 
free data detector and a baseline correction circuit according the principles of the 
present invention; 

[0027] FIG. 7 is a functional block diagram of the baseline correction 
circuit of the data detection circuit of FIG. 6; 

[0028] FIG. 8 is a more detailed functional block diagram of the data 
detection circuit with TA compensation of FIG. 6 that illustrates an embodiment of 
the DC-free data detector and a non-DC free data detector; 

[0029] FIG. 9 is a more detailed functional block diagram of the data 
detection circuit with TA compensation of FIG. 6 that illustrates an alternative 
embodiment of the DC-free data detector and a non-DC free data detector; and 
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[0030] FIG. 10 is a more detailed functional block diagram of the data 
detection circuit with TA compensation of FIG. 6 that illustrates another 
alternative embodiment of the DC-free data detector and a non-DC free data 
detector. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0031] The following description of the preferred embodiments is 
merely exemplary in nature and is in no way intended to limit the invention, its 
application, or uses. For purposes of clarity, the same reference numbers will be 
used in the drawings to identify similar elements. 

[0032] Referring to FIG. 2, a block diagram of a data detection system 10 
is shown. The data detection system 10 eliminates errors in read back data caused 
by low frequency components in the read back signal of a perpendicular recording 
system. The data detection system is particularly suitable for use in a 
perpendicular recording system to eliminate errors in read back data caused by a 
TA event. Due to the closer proximity of the recording head to the magnetic media 
in a perpendicular recording system, TA events are typically more numerous and of 
greater severity. The increased severity is a result of elevated heating of the 
recording head during the TA event. The increased heating translates to a 
transient of increased duration and amplitude in the output signal of the recording 
head. Therefore, the recording head signal of perpendicular recording systems 
typically includes TA events that occur at an increased rate, and have a longer 
duration and greater amplitude. 
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[0033] The data detection system 10 includes a discrete channel circuit 
12 for interfacing with a perpendicular recording head (not shown) and amplifying 
the read data signal 14. It is within the scope of the invention for the channel circuit 
12 to use analog, digital, or mixed-signal techniques. For example, an analog 
version of the channel circuit 12 may include a series combination analog 
preamplifier, filter, and analog forward equalizer. A digital version of the channel 
circuit 12 preferably includes a preamplifier with automatic gain control (AGC), a 
sampler, and a digital filer. 

[0034] The read data signal includes the baseline data signal as well as 
noise components generated by thermal asperity events and spurious field coupling 
from noise sources. The optimal target response corresponding to the read data 
signal of a perpendicular recording system differs from that of a longitudinal 
recording system. In a perpendicular recording system the optimal target response 
generally does not have a DC zero since the data elements in the read data 
typically include a DC bias. Whereas, in a longitudinal recording system the 
optimal target response does have a DC zero since the data elements in the read 
data signal do not include a DC bias. 

[0035] First and second detector circuits 16 and 18 are coupled to the 
output of the channel circuit 12 for generating output data signals during different 
operating phases of the data detection system 10. When a low frequency transient 
such as a TA event is detected, the output signal is taken from the output of the first 
detector circuit 16. During normal operation of the data detection system 10 in the 
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absence of low frequency transients, the output signal is taken from the output of 
the second detector circuit 18. 

[0036] The first detector circuit 16 includes a series connected high-pass 
filter 20 and data detector 22. The high-pass filter 20 attenuates low frequency 
components in the read data signal that are caused by the low frequency transient. 
By removing the low frequency components, the filtered read data signal contains 
substantially only the high frequency components corresponding to the desired data 
from the magnetic media in addition to an undesirable leading edge spike caused 
by the transient. It is within the scope of the invention to employ other filter 
configurations such as band pass filters and active filters that attenuate low 
frequency components. Preferably, the filter 20 is a digital implementation having a 
(1-D) filter characteristic such as (1 - .5D - .5D 2 ) and (1 - .25D - .25D 2 - .25D 3 - 
.25D 4 ) filters. However, the principles of the invention encompass analog filters as 
well as digital implementations. The data detector 22 detects the read data pulses 
in the filtered read data signal. Preferably, a decision feedback equalizer (DFE) is 
used as the data detector 22 since DFEs provide acceptable implementation 
complexity. The scope of the invention includes using other detectors such as 
partial-response maximum likelihood (PRML) detectors and Viterbi detectors for the 
data detector 22. The first detector circuit 16 is used primarily to process segments 
of the read data signal that may include low frequency components. The output 
from the data detector 22 is coupled to a data processor 24 through a switch 26 
during segments of the read data signal that include a detected transient. 
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[0037] The second detector circuit 18 preferably employs a Viterbi 
detector, however the scope of the invention includes using other detectors such as 
DFE and PRML detectors. As those skilled in the art know, a Viterbi detector is 
particularly suitable and achieves optimal error rates when the noise present in the 
data signal can be characterized as being a stationary, white Gaussian process. 
The second detector circuit 18 is primarily used to process segments of the read 
data signal that do not include low frequency components associated with a 
transient such as a TA event. In particular, the read data signal segments may be 
characterized as preferably containing substantially stationary white Gaussian 
noise. The output of the detector 18 is coupled through the switch 26 to the 
processor 24 during segments of the read data signal that do not include a detected 
transient. It is also within the scope of the invention to disable the detector 18 
during a transient such as by decoupling the read data signal from the input. 

[0038] A transient detector 28 monitors the read data signal for 
transients, and in response to detecting a transient generates a transient detect 
signal. Preferably the transient detector 28 monitors the read data signal at the 
input to the channel circuit 12. However, the scope of the invention includes 
monitoring the read data signal either at the output or within the channel circuit 12. 
The scope of the invention also includes monitoring the read data signal at multiple 
points within the data detection system 10. The transient detector 28 preferably 
generates the transient detect signal in response to detecting a transient having a 
low frequency component such as DC. Such a transient may have a fast rising 
leading edge such as that generated by a TA. The trailing edge of the transient 
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detect signal is determined by one of several methods such as delaying for a 
predetermined time period following the detection of the leading edge of the 
transient, monitoring the level of the transient to determine whether the level is less 
than a threshold, using a combination of time and level monitoring, and monitoring 
the output of the second data detector 18. For example, a delay time may be 
selected as a function of the maximum amplitude of the transient, so that given a 
larger amplitude transient, the delay time defining the trailing edge is increased. 
The transient detect signal controls the operation of the switch 26 so that during a 
transient an output signal from the first detector 16 is coupled to the data processor 
24. 

[0039] Referring to FIG. 3, a set of waveforms corresponding to the 
data detection system 10 is illustrated. The first waveform 30 shows the data 
signal that is output from the channel circuit. The second waveform 32 shows the 
first detector signal. The third waveform 34 shows the combined output signal from 
the detectors 18 and 22 that is coupled into the data processor 24. The fourth 
waveform 36 shows the transient detect signal from the transient detector. The 
hashed portion 38 of the fourth waveform 36 indicates the preferable transition 
point for the transient detect signal back to steady-state operation. Preferably, the 
portion of the combined output signal comprised of the output from the first data 
detector 16 is limited to the period of time during which the output of the second 
data detector 18 provides inaccurate data. During non-transient operation the 
second data detector output provides more accurate data than the first data 
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detector output, since there is no series filter to introduce some distortion into the 
data. 

[0040] Referring to FIG. 5, a block diagram of an alternative embodiment 
of a data detection system 1 10 is shown. The data detection system 1 10 is similar 
to data detection system 10 in function with corresponding elements numbered 
from 1 12 to 128, except that only one data detector 122 is required, and switch 126 
is connected in parallel with filter 120. Alternately, a selector (not shown) can be 
used to select either the input of the filter 120 or the output of the filter 120. In 
operation, the transient detector 128 sets the switch 126 to the closed position to 
bypass the filter 120 (or a selector selects the filter input) during time periods when 
a TA event is not present in the read data signal. During time periods when a TA 
event is present, the transient detector 128 sets the switch 126 to the open position 
so that low frequency components in the read data signal 1 14 are filtered by the 
filter 120. Preferably, the transient detector 128 is a DFE detector, however using 
other detectors such as Viterbi detectors is also envisioned. 

[0041] Referring to FIG. 4, a data detection system 50 includes a 
discrete channel circuit 52 for amplifying a read data signal 54 that is generated by 
a perpendicular recording head 53. The read data signal 54 includes the baseline 
data signal as well as noise components generated by thermal asperity events and 
spurious field coupling from noise sources. The channel circuit 12 includes a front- 
end 56 for interfacing with the perpendicular recording head 53. A sampler 58 
extracts samples from the read data signal 54. A Finite-Impulse Response (FIR) 
filter 60 attenuates out-of-band noise components in the read data signal 54. An 
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equalizer 62 removes intersymbol interference from the filtered read data signal 54. 
Timing control 64 and a voltage controlled oscillator 66 provide control signals to 
the sampler 58. A gain control 68 adjusts the gain of the front-end 56 to maintain a 
relatively constant amplitude pulse at the output of the FIR filter 60. 

[0042] First and second detector circuits 70 and 72 are coupled to the 
output of the equalizer 62 for generating output data signals that are selectively 
routed through a switch 74 to a data processor 76. The output of the second 
detector circuit 72 is routed to the data processor 76 during normal operation. 
During time periods when a TA event is detected in the read data signal, the output 
of the first detector circuit 70 is routed to the data processor 76. 

[0043] The first detector circuit 70 includes a series connected high-pass 
filter 78 and DFE detector 80. The first detector circuit 70 processes segments of 
the read data signal that may include low frequency components. The second 
detector circuit 72 is preferably a Viterbi detector. 

[0044] A transient detector 82 monitors the read data signal at the output 
of the front-end 56 for transients. In response to detecting a transient, the transient 
detector 82 generates a transient detect signal that controls the switch 74. The 
transient detector 28 generates the transient detect signal in response to detecting 
a transient generated by a TA event. Such a transient typically has a fast rising 
leading edge combined with a slowly decaying low frequency component related to 
the thermal time constant of the TA event. The transient detect signal remains 
active until the level of the transient in the read data signal decays to less than a 
predetermined threshold. 
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[0045] Referring to FIG. 6, an alternative data detection circuit 110 with 
thermal asperity (TA) compensation is shown. The data detection circuit 110 
includes a discrete channel circuit 114 that interfaces with a perpendicular 
recording head (not shown) and amplifies a data signal. The data signal may 
include transient baseline (BL) components (or DC offset) and/or transient noise 
components generated by thermal asperity events and spurious field coupling from 
noise sources. 

[0046] It is within the scope of the invention for the channel circuit 1 14 to 
use analog, digital, or mixed-signal techniques. For example, an analog version of 
the channel circuit 114 may include a series combination analog preamplifier, filter, 
and analog forward equalizer. A digital version of the channel circuit 114 may 
include a preamplifier with automatic gain control (AGC), a sampler, and a digital 
filter. 

[0047] The data detection circuit 1 1 0 further includes a transient detector 
116, a BL correction circuit 118, a non DC-free data detector 120, a DC-free data 
detector 122 and a switch 124. The non DC-free data detector 120 is sensitive to 
DC offset of the data signal and the DC-free data detector 122 is insensitive to DC 
offset of the data signal. The BL correction circuit 118 and non DC-free and DC- 
free detectors 120 and 1 22 are coupled to the output of the channel circuit 114. 

[0048] The non-DC free and DC-free data detectors 120 and 122 
generate output data signals or bit streams. As explained in further detail below, 
when a low frequency transient such as a TA event is detected, the output signal is 
taken from the output of the DC-free data detector 122. During normal operation of 
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the data detection system, the output signal is taken from the output of the non DC- 
free data detector 120. The switch 124 selects the output signal, which is output to 
the data processor 1 12 and the BL correction circuit 118. As can be appreciated, 
switches may be integrated with one or more components and separate lines can 
be run from the detectors 1 20 and 1 22 to the components. 

[0049] The transient detector 116 monitors the data signal for transients 
and generates a transient detect signal. Preferably the transient detector 116 
monitors the data signal at the input to the channel circuit 114. However, it is 
anticipated that the data signal can be monitored at either the output of or within the 
channel circuit 1 14. Further, it is anticipated that the data signal can be monitored 
at multiple points within the data detection circuit 110. 

[0050] The transient detector 116 generates the transient detect signal, 
which controls the position of the switch 124. A TA-induced transient typically has 
a fast rising leading edge combined with a slowly decaying low frequency 
component related to the thermal time constant of the TA event. The transient 
detect signal remains active until the level of the transient in the data signal decays 
to less than a predetermined threshold. The transient detect signal controls 
operation of the switch 124 so that, during a transient, an output signal from the 
DC-free data detector 122 is coupled to the data processor 112 and the BL 
correction circuit. 

[0051] As discussed above, the switch 124 changes state after the 
transient subsides. However, the state of the switch 124 may be changed at other 
times. The state change can occur after a delay period. For example, the transient 
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detector can actuate the switch 124 some time after the transient subsides. It is 
also anticipated that the DC-free output can be used until the data sector of the 
magnetic medium is complete. In other words, if a TA event occurs and subsides 
during reading of a data sector, the data detection circuit 110 does not switch back 
to the non DC-free data detector 120 until just before the next data sector. 

[0052] Referring now to FIG. 7, a DC correction circuit 118 receives the 
data signal and the output signal from either the non-DC free data detector 120 or 
the DC-free data detector 122 depending on the position of the switch 124. The DC 
correction circuit 118 includes a reconstruction filter 126, delay elements 128 and 
an accumulator 130. The reconstruction filter 126 reconstructs the input signal 
without the TA and BL errors. The reconstruction filter 126 is typically an FIR filter 
whose taps are the equalization target. For example, if the equalization target is (5, 
6, 0, -1), then the FIR taps should be f 0 = 5, U = 6, and f 3 - -1 . 

[0053] The data detection circuit output signal is processed through the 
reconstruction filter 126 and is sent to a summer 127. The data signal is subtracted 
from the output signal to provide a difference signal. The difference signal is 
multiplied by a loop gain using a multiplier 129. An output of the multiplier 129 is 
input to a first input of a summer 133. A second input of the summer 131 receives 
an output of the summer delayed by delay element 131 . The DC correction value 
is output to the non DC-free data detector 120 to minimize the DC offset. 

[0054] Referring now to FIG. 8, a more detailed block diagram of the 
data detection circuit 110 with TA compensation of FIG. 6 is shown, including 
exemplary embodiments of the DC-free data detector 122 and the non DC-free 
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data detector 120. The channel circuit 1 14 includes a front end 134 for interfacing 
with the perpendicular recording head (not shown) and a sampler 135 that extracts 
samples of the data signal. Outputs of the front-end 134 and the BL correction 
circuit 1 18 are output to the transient detector 116. 

[0055] The DC-free data detector 122 includes a finite impulse response 
(FIR) filter/equalizer 136 and a data detector 138. The FIR filter attenuates out-of- 
band noise components in the data signal and the equalizer controls or reduces 
inter-symbol interference from the filtered data signal to provide a DC-free target 
equalization. The filtered data signal contains substantially only the high frequency 
components. The low frequency portion that is filtered out contains some desired 
data. However, the effects of the transient is more damaging than the effects of 
filtering out some of the desired data by removing the transient. It is anticipated that 
other filters can be employed, such as band pass filters and active filters that 
attenuate low frequency components. Preferably, the filter is a digital 
implementation having a (1-D) filter characteristic such as (1 - .5D - .5D 2 ) and (1 - 
.25D - .25D 2 - .25D 3 - .25D 4 ) filters. However, the principles of the invention 
encompass analog filters as well as digital implementations. 

[0056] The data detector 138 detects bits by matching the DC-free 
target. The data detector 138 can be one of various data detectors including a 
Virterbi detector. It is anticipated, however, that the data detector 138 can include 
other maximum likelihood (PRML) detectors, a decision feedback equalizer (DFE), 
a peak detector, a threshold detector, a maximum aposteriori probability (MAP) 
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detector, list decoding detectors, sequential decoding detectors, or other suitable 
detectors. 

[0057] The non DC-free data detector 120 includes an FIR filter/equalizer 
140 and a data detector 142. The FIR filter/equalizer 140 functions as described 
above to provide a non DC-free target. The non DC-free target is summed with the 
BL correction value at a summer 144 and is output to the data detector 142. The 
data detector 142 can be a Viterbi detector, however, other suitable detectors 
include other maximum likelihood detectors, a decision feedback equalizer (DFE), a 
peak detector, a threshold detector, a maximum aposteriori probability (MAP) 
detector, a list decoding detector, a sequential decoding detector, or other suitable 
detectors. 

[0058] The non DC-free data detector 120 is primarily used to process 
segments of the data signal that do not include low frequency components 
associated with a transient such as a TA event. The output of the non DC-free data 
detector 120 is selectively coupled through the switch 124 to the data processor 
1 12 and the BL correction circuit 118. 

[0059] Referring now to FIG. 9, a more detailed block diagram of the 
data detection circuit with TA compensation of FIG. 8 is shown, including an 
alternative embodiment of the DC-free data detector 122 and the non DC-free 
data detector 120. The non DC-free data detector 120 includes the FIR filter and 
equalizer 140 and the data detector 142. The FIR filter and equalizer 140 function 
as described above to provide a non DC-free target. The non DC-free target is 
summed with the BL correction value at the summer 140 and is output to the data 
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detector 142. The data detector 142 is preferably a Viterbi detector, however, it is 
anticipated that other detectors such as other maximum likelihood detectors, a 
decision feedback equalizer (DFE), a peak detector, a threshold detector, a 
maximum aposteriori probability (MAP) detector, a list decoding detector, a 
sequential decoding detector, or other suitable detectors. 

[0060] The DC-free data detector 122 includes a filter 146 and the data 
detector 138. The filter 146 is a high pass filter with a (1-D) filter characteristic and 
the input is the filtered signal from the FIR/equalizer 140 of the non DC-free data 
detector 120. As discussed above, the data detector 138 is preferably a Viterbi 
detector, however, it is anticipated that other detectors such as other maximum 
likelihood detectors, a decision feedback equalizer (DFE), a peak detector, a 
threshold detector, a maximum aposteriori probability (MAP) detector, a list 
decoding detector, a sequential decoding detector, or other suitable detectors. 

[0061] Referring now to FIG. 10, another alternative embodiment of the 
data detection circuit with TA compensation, indicated as 110', is illustrated. The 
data detection circuit 110' switches between a non DC-free path and a DC-free 
path. The data detection circuit 110" normally operates using the non DC-free 
path. In this case, the signal from the sampler is filtered and equalized in an 
FIR/equalizer 148. The filtered signal is summed with the BL correction value 
and is output to a data detector 150 and the BL correction circuit. Again, the data 
detector 150 can be a Viterbi detector, however, it is anticipated that other detectors 
such as other maximum likelihood detectors, a decision feedback equalizer (DFE), 
a peak detector, a threshold detector, a maximum aposteriori probability (MAP) 
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detector, a list decoding detector, a sequential decoding detector, or other suitable 
detectors. The output signal of the data detector 150 is sent to the data processor 
1 12 and the BL correction circuit 118. 

[0062] Upon the occurrence of a TA event, the transient detector 1 1 6 
switches the switch 124 to operate the data detection circuit 110' using the DC-free 
path. In such a case, the filtered signal from the FIR/equalizer 148 is output to a 
filter 152. The filter 152 is a high pass filter and the output signal is sent to the data 
detector 1 50. 

[0063] As can be appreciated, the switches 124 that are used in any of 
the embodiments may be integrated with one or more components. For example, 
in FIG. 10, the switch 124 may be integrated with the data detector 150. The 
transient detector 116 communicates with the transient detector 116. Outputs of 
the summer 144 and the filter 152 are input to the data detector 150. 

[0064] As can be appreciated, while some of the embodiments were 
described with preferred types of detectors, skilled artisans will appreciate that 
Viterbi detectors, other maximum likelihood sequence detectors, decision feedback 
equalizers (DFE), peak detectors, threshold detectors, maximum aposteriori 
probability (MAP) detectors, list decoding detectors, sequential decoding detectors, 
and the like may be used. 

[0065] Those skilled in the art can now appreciate from the foregoing 
description that the broad teachings of the present invention can be implemented 
in a variety of forms. Therefore, while this invention has been described in 
connection with particular examples thereof, the true scope of the invention 
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should not be so limited since other modifications will become apparent to the 
skilled practitioner upon a study of the drawings, the specification and the 
following claims. 
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